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Abstract 
Aims To describe the incidence of parentally reported illness in otherwise healthy 
South Island toddlers; characterise the predictors of illness; and determine whether 
there was a relationship between teething and illness in this population. 
Methods A 20-week randomised controlled trial was conducted on 1-year-old 
children (n=225) from Otago and Southland between February 2004 and December 
2005. Information on symptoms of morbidity, occurrence of teething, and childcare 
attendance were recorded daily throughout the intervention period. Morbidity 
symptoms were categorised into respiratory illness (RI), gastrointestinal illness (GII), 
ear infection, and total illness, and the number and duration of events were 
determined. 
Results The mean (SD) number of total illnesses was 3.4 (2.3) per 20 weeks, with an 
average duration of 4.5 days. Episodes of RI were most common (50% of total illness 
events), and tended to be the longest in duration (mean of 3.7 days). Having siblings 
aged less than 5 years (23% increase, 95%CI 6%–42%, p=0.007) and attending 
childcare (72% increase, 95%CI 38%–113%, p<0.001)), were positively associated 
with the number of total illness events but not duration. In addition, teething was 
positively associated with total events (OR 1.94, 95%CI 1.45–2.60, p<0.001), RI 
events (OR 2.03, 95%CI 1.41–2.93, p<0.001) and GII events (OR 1.90, 95%CI 1.36–
2.67, p<0.001).  
Conclusion This study has shown that illness (particularly RI) is common in the 
second year of life. It has also confirmed that attending childcare and having siblings 
aged under 5 years increases the number of illness events. An association between 
teething and the occurrence of illness was also seen but the exact nature of this 
relationship requires verification. 
In New Zealand there are few quantitative data describing the illnesses experienced 
by otherwise healthy children. In fact, the existing data are only for notifiable 
disease1–3 or hospitalisation rates,4–7 with information on common childhood illnesses 
based primarily on experiential data from primary care practitioners. Furthermore, the 
figures reported in the literature are commonly combined for the one to four year-old 
age group.2–4 This may be masking important information at specific ages, 
particularly given that rates of illness are reported to be higher during the second year 
of life than at any other point in childhood.8 
International research has repeatedly shown that low socioeconomic status (SES) and 
attending childcare are associated with higher rates of illness in preschool children.8–13 
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Research has shown that while people who are of low SES visit the doctor more often 
they are also more likely to have unmet health needs.14  
New Zealand preschool children are eligible for subsidised primary care. However, 
there are other issues such as access to transport and prescription costs that may act as 
barriers to health service utilisation and result in associations between illness and 
SES.14 Further, with the increasing number of working parents and the corresponding 
growth in childcare attendance,15 increased illness in those who attend childcare 
would have important implications for primary care planning, practice, and funding.  
An additional factor requiring further research is the discordance between parental 
beliefs about teething and illness and the view of health professionals. Specifically, 
surveys indicate that many parents16–18 and health professionals19,20 believe that 
teething causes, or predisposes a child to, certain illnesses, while WellChild providers 
state that teething is not in itself a cause of illness.21 Thus, a comprehensive 
exploration of the relationship between teething and robustly defined illness is of 
interest.  
Therefore, the objectives of this study were primarily to describe the incidence of 
parentally reported illness in otherwise healthy South Island toddlers and characterise 
the predictors of illness in this sample. A secondary objective was to determine 
whether there was a relationship between teething and illness in this population. 
Methods 
Study design—This study involved secondary analysis of data collected during the Toddler Food 
Study (TFS). The TFS was a randomised, partial-blind, placebo-controlled, 20-week intervention trial 
conducted between February 2004 and December 2005, and was designed to evaluate the efficacy of 
food-based recommendations for improving iron and zinc status.  
To be eligible for participation toddlers needed to be: 
• Aged between 12 and 20 months; 
• Apparently healthy; 
• Non-anaemic (two cutoffs applied: haemoglobin <105 g/L and haemoglobin <110 g/L, and 
serum ferritin <12 µg/L);  
• Willing to comply with the food-based intervention; and  
• Not known to suffer from medical conditions, or be taking medications, known to affect iron 
absorption (including iron supplements and iron-fortified toddler milk).  
The trial involved a convenience sample of 225 1-year-old children from Dunedin, Balclutha, Oamaru, 
Milton, and Invercargill. Full details of the study design and research methodologies can be found 
elsewhere.22  
Ethical approval was granted by the Human Ethics Committee of the University of Otago and written 
informed consent was obtained from a guardian of each toddler participating in the study. 
Data collection—Parents completed a pre-tested questionnaire which included questions to determine 
sociodemographic characteristics of the child and their family and the child’s health status at baseline. 
Ethnicity was self-determined with parents able to tick all ethnic groups that applied.  
For the child, the presence of illness, teething, and childcare attendance were recorded by parents daily 
throughout the intervention. Data collected included whether the child had been unwell (yes/no); had 
any of the following illness symptoms (yes/no): runny or blocked nose, cough, sore throat, wheezing or 
difficulty breathing, cold or flu, fever, ear infection, diarrhoea (defined as: three or more loose, watery 
stools in 24 hours; and vomiting); had been teething (yes/no, parentally defined); or had attended 
childcare (yes/no).  
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Childcare attendance was defined as home- or centre-based care with two or more children not 
including siblings. Parents were also instructed to indicate each day whether any other illnesses had 
occurred. Every 2 weeks a member of the study team visited the families to collect the illness records. 
At these visits records were checked for errors and inconsistencies with immediate resolution where 
possible. Parents were also reminded of the importance of complete records. 
Length (accurate to ±0.1 cm) and weight (accurate to ±0.1 kg) were measured at baseline using 
standardised methods.23 These were used to calculate body-mass-index (BMI) and to compute 
percentiles using the WHO growth standards.24 
Non-fasting blood samples were obtained by venipuncture and analysed for serum transferrin receptor 
(STfR) in the Human Nutrition laboratory at the University of Otago by enzyme immunoassay using a 
commercial kit (Ramco Laboratories Inc, Stafford, TX). Only STfR was reported in the current study 
because unlike the other measures of iron status measured in the TFS it does not change with 
infection.25 
Data analysis and definitions—Morbidity data for the entire 20-week period were categorised into 
four broad categories because of the relatively low frequency of illness; namely:  
• Respiratory infection (RI)—defined as any of: 
o Cold or flu;  
o At least three of runny or blocked nose, cough, sore throat, or wheezing or difficulty 
breathing (in non-asthmatics);  
o “Other” respiratory infection (e.g. croup);  
• Ear infection; 
• Gastrointestinal infection (GII)—defined as any of diarrhoea, vomiting, or “other” symptom 
of gastrointestinal infection (e.g. stomach pain); and  
• Total illnesses (any of RI, ear infection, GII, or “other” illness not classified into the previous 
categories [e.g. chicken pox]).  
A morbidity episode for a specific illness category was defined as an event of morbidity symptoms for 
which there were at least three illness-free days on either side of it.  
The episodic duration was defined as the number of days the child experienced morbidity symptoms 
during a morbidity episode.  
Unwell events and unwell duration were defined by applying the same criteria as was used for 
morbidity episode and episodic duration to the days when parents reported their child was Unwell 
(yes/no responses to “Was your child unwell today?”). 
Total illness data were also grouped by month to explore seasonal variation in the incidence of illness. 
This was done by assigning each event to a month based on the date of the first day of illness. Illnesses 
that crossed over months were classified into the month the first day of illness fell into. 
Statistical analysis—Intercooled Stata v9.0 software (StataCorp, College Station, TX, USA) was used 
to generate the morbidity variables and for all statistical analyses. A p-value of <0.05 was considered to 
indicate statistical significance.  
The statistics used to describe the illness data (Table 2) were: total number of events, the number (%) 
of children having one or more episode, the mean number of episodes during the 20-week study, the 
mean number of episodes per year, the mean duration of episodes, and incidence rate. These were 
calculated for total illness, each of the individual illness categories and unwell.  
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Table 1. Baseline characteristics of study population (all values No. (%) unless otherwise indicated)  
 
a=Mean (SD); b=""Unsure or missing" n=2; c=Unsure or missing" n=6; d="Unsure or missing" n=62; e=Other categories: "Good", "Fair", "Poor";  
f=Percentiles determined by comparison with the World Health Organization child growth standards; g=Geometric mean (95% confidence interval) n=214. 
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Table 2. Parentally-reported illness rates over a 20-week period (All values Mean 
(SD) unless otherwise indicated) 
 
 
Morbidity episode=An event of morbidity symptoms with three illness-free days on either side. 
Episodic duration=The number of days the child experienced morbidity symptoms during each event. 
a Defined as any of: RI, ear infection, GII, or “other” illness not classified into the previous categories (e.g. 
chicken pox). 
b A subcategory of GII. 
c Defined as parent indicating child was "Unwell". 
 
The mean number of episodes per year was extrapolated from the mean number of episodes per 20 
weeks. Incidence rates were calculated by dividing the mean number of events during the study by the 
total number of days at risk. All descriptive data are unadjusted. Unadjusted statistical comparisons 
(Figure 1) were made using two sample t-tests. 
To determine whether certain sociodemographic, family, and illness-related characteristics were 
predictors of total illnesses, we developed models which looked at the predictive power of these 
variables using fractional polynomials for continuous predictors. Specifically, we used Poisson 
regression to determine their relationship with the number of morbidity episodes, and linear regression 
to determine the relationship with episodic duration (Table 3).  
Variables considered in the final model were: age, sex, age*sex, serum transferrin receptor (a measure 
of iron status not confounded by infection), education (highest maternal qualification: 3-year degree or 
higher, not a 3-year degree or higher, not answered), household income (in NZD: less than $30,000, 
$30,000-$70,000, more than $70,000, not answered), prioritised ethnicity (in order of priority: NZ 
Māori, Pacific Peoples, Other, NZ European), proportion of days in childcare, proportion of days the 
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Figure 1. Illness events per month for all children a,b 
 
 
a Data points represent mean values and I bars standard errors. 
b Where no superscript symbols appear there is no significant difference. 
c Significantly different from February, May and July (p<0.05). 
d Significantly different from January, February, March, April and October (p<0.05). 
e Significantly different from May, June, July, August and December (p<0.05). 
f Significantly different from April and October (p<0.05). 
 
To determine whether teething on a given day was temporally associated with illness on that day we 
modelled teething and the various morbidity categories using logistic regression with robust standard 
errors and Huber-White sandwich estimator to control for repeated measures. This was done for total 
illness, RI, ear infection, GII, diarrhoea, and “other” illness.  
Log transformations were used where residuals were skewed or exhibited non-constant variance 
(Episodic duration [Table 3]). Both marginal and conditional standardised residual plots were 
examined for the purposes of model checking.  
 
Results 
The baseline sociodemographic and biochemical characteristics of the toddlers are 
shown in Table 1. Overall, those who participated in the TFS had a mean age of 17.1 
months, were more likely to be male (56%) and were more likely to be NZ European 
(80%). The baseline characteristics of participants were similar between sexes, except 
that boys were significantly taller and heavier and had a higher BMI.  
Of the 486 families expressing an interest in the study, 225 toddlers were enrolled, 
from which 10 were lost to follow-up. Compared with those who completed the study, 
those lost to follow up were more likely to be female and a lower percentage of their 
mothers had a university level education. 
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Table 3. Predictors of parentally-reported total illnesses a 
 
 
a The multivariate analysis adjusted for variables listed in the table and age*sex interaction term and 
Toddler Food Study group. 
b Values are Incidence rate ratio (95% CI). 
c Values are Ratio of the mean difference (95% CI). 
d Reference category: no siblings. 
e Months from May to September. 
 
Rates of illness are shown in Table 2. Over the 20-week intervention there was a 
mean of 3.4 total illness events, which lasted an average of 4.5 days, at an incidence 
rate of 0.9 per month or approximately nine events per child per year. RI episodes 
were most common (375 total events), followed by GII events (328 total events). In 
addition, RI episodes tended to be of longer duration (mean of 3.7 days).  
The mean (SD) number of days spent in childcare per month was 5.6 (6.3) for all 
children (i.e. attendees and non-attendees) and 8.4 (6.0) days per month after 
excluding those who never attended childcare (n=74). The mean (SD) number of days 
a parent reported a child was teething was 2.3 (3.4) per month in all children and 3.2 
(3.7) days per month after excluding children who did not teethe (n=61).  
Figure 1 shows the mean number of total illness episodes by month. This shows that 
the incidence of illness was highest between the months of May and September. 
Further, the mean number of illness events in June, August, and September were 
significantly higher than in January, February, March, April and October, and the 
mean number of illnesses in June and August were significantly higher than in 
November and December (P<0.05).  
Table 3 shows the relationship between those variables analysed as predictors of 
illness and both the number and duration of total illness episodes. These data show 
that the number of siblings aged less than 5 years (23%, 95%CI 6%–42%), the 
proportion of days spent in childcare (72%, 95%CI 38%–113%), and the proportion 
of days in the peak illness season (59%, 95%CI 19%–111%) were significantly 
associated with increased number of total illness events, but only the latter was 
associated with increased duration of total illness (43%, 95%CI 3%–93%). Further 
analysis showed that the total number of household occupants was not a predictor of 
illness when included in the final model (incidence rate ratio: 1.01, 95%CI 0.94–1.10, 
p=0.658). 
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Table 4 shows the relationship between teething and various illness categories. These 
data show that teething was associated with a 94% increase in total events (95%CI 
45%–160%), 103% more RI events (95%CI 41%–193%), and 90% more GII events 
(95%CI 36%–167%). Further analysis of GII events showed that there was also a 
122% increase in diarrhoeal events associated with teething (95%CI 53%–220%). 
Sub-group analysis of the number and duration of all illness events between those 
who never teethed during the study and those who did, found that non-teethers 
experienced an average of 0.68 fewer events (95%CI 0.02, 1.34; p=0.045) but there 
was no difference in duration (data not shown). 
 






This prospective 20-week analysis of illness in 225 non-anaemic South Island 
children aged between 12 and 20 months found that, of the three specific illness 
categories examined, RI was both most frequently observed and of the longest 
duration. These data also showed that having pre-school aged siblings and being in 
childcare increases the number of total illnesses but has no effect on the duration of 
illness. Teething was also significantly associated with total illness, RI, GII, and 
diarrhoea. 
In our study there were approximately 9 total illness and 13 unwell events per child 
per year. This is in agreement with the New Zealand Paediatric Society which 
estimates that young children average around 12 infections per year.26 This study has 
also confirmed previous research showing RI to be the most common illness 
experienced by children in their second year of life8 where it is estimated that RI 
comprises around 50% of general practitioner consultations in young children.27  
The association between childcare and illness in pre-school children is well 
established,8,10–13 although we believe that this is the first time it has been shown in a 
New Zealand population. Past research has consistently shown childcare to be 
associated with higher rates of GI,8,13 ear infection,8,28,29 and RI 8,10,11,28 where it has 
been estimated that up to 30% of RI is associated with childcare attendance.28 The 
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mechanism for this is probably increased exposure to infectious agents. This 
mechanism may also account for the association between illness and having siblings 
aged less than 5 years found in this study. This finding is also consistent with 
previous studies which have demonstrated an increased incidence of RI in infants with 
older siblings.10,29 
In contrast to studies conducted in other countries,9,30 indicators of SES (i.e. maternal 
education and household income) were not found to be predictors of illness in this 
population. This is likely due to clustering of socioeconomic indicators in this study, 
such that nearly 60% of families had an annual household income between $30,000 
and $70,000. Thus, it is likely that there were insufficient families in the high and low 
income categories to allow differences in rates of illness to be seen, and as such we 
cannot rule out SES as a predictor of illness in New Zealand children. Furthermore, it 
is also possible that there was an interaction between SES and attendance at childcare 
in this study.  
While previous New Zealand research31 has shown a relationship between household 
crowding and illness in children, a similar relationship was not seen in this sample. 
One possible reason for this discrepancy is that “total number of people in the 
household” was not a sufficiently robust measure of crowding to allow a relationship 
to be detected because it does not take into account household size. However, because 
we did not collect information about the number of bedrooms in the house, a more 
widely accepted index such as the Canadian National Occupancy Standard could not 
be calculated. An additional explanation is that overcrowding was uncommon in our 
study population; which is consistent with data showing that Dunedin (the main 
population base for our study) has the lowest levels of crowding of any city in New 
Zealand.32 Moreover, as crowding is likely to be related to SES, the socioeconomic 
variables in our models may have masking any relationship between crowding and 
illness.  
The positive associations between teething and total illness, RI, GII, and diarrhoea 
found in this study were surprising, and in contrast to information given to parents.21 
However, it is difficult to interpret these findings for a number of reasons. Several 
surveys have shown that parents believe that teething is a cause of illness,16,17,20 while 
prospective studies have shown that only dribbling, disturbed sleeping and reddened 
cheeks, but not diarrhoea or symptoms of RI are associated with teething.33,34 There is 
also evidence to suggest that some parents may characterise teething by the presence 
of what they consider to be “teething symptoms” rather than by the eruption of a 
tooth.18 If this was done by parents in this study, then rates of illness occurring with 
teething may be inflated. However, 52% of teething reports were not associated with 
illness symptoms so this cannot be the sole explanation. Furthermore, many parents 
(n=61) did not record teething throughout the 20-week study and as it is likely that the 
child would have had teeth erupting during this time, this suggests that some parents 
believed that tooth eruption could occur in the absence of “teething”. The exact 
mechanism behind these observations is difficult to establish from these data and 
therefore requires further exploration in a study that objectively measures teething 
status and symptoms of illness in this age group. 
The major limitation of this study is that data were based on parental reports which 
were not generally confirmed by an objective source, such as diagnosis by a health 
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professional. Nonetheless, this is likely to have a minimal effect on the results 
presented here as parental reports would be more likely to result in incorrect 
classification of an illness rather than fabrication of illnesses. Furthermore, at least for 
RI, any effect of over-reporting of individual symptoms was minimised by requiring 
participants to have at least three of runny or blocked nose, cough, sore throat, or 
wheezing or difficulty breathing. Similarly the classification of diarrhoea as “three or 
more loose, watery stools per day” means that it is unlikely that a single or occasional 
loose stool was incorrectly classified as diarrhoea.  
The major strengths of this study are the comprehensive daily collection of data for 20 
weeks (i.e. 140 days of collection per child), the rigorous definitions for RI and 
diarrhoea despite being based on parental reports, and the way in which Morbidity 
Events and Episodic Duration were defined. These quantitative data on common 
communicable illnesses in New Zealand children in their second year of life may be 
of use to general practitioners and WellChild providers when advising parents of how 
much illness is usual in this age group. Furthermore, the confirmation of a positive 
relationship between illness and both childcare and number of siblings aged less than 
five in a New Zealand setting provide some indications for further research.  
In particular it may be important to determine whether those in childcare utilise 
primary care services more often than non-attendees, a factor which could have 
important implications for funding and future service provision. This may be 
particularly pertinent given the recent Government introduction of 20 hours of free 
early childhood education for three and 4 year olds35 and free general practitioner 
visits for those aged under 6 years.36 
In conclusion this study has characterised the rates of common communicable illness 
in South Island children in their second year of life. Specifically it has shown RI to be 
the most commonly observed illness, and also the illness of longest mean duration. In 
addition, this study found that attending childcare and having siblings aged under 5 
years increased the number of illness events. An association between teething and the 
occurrence of illness was also seen but must be confirmed in a study that objectively 
monitors tooth eruption, as well as morbidity. 
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